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Colostrum contains substantially higher concentrations of immunoglobulins (Igs) when compared 
with serum or milk, which may improve the diagnostic sensitivity of an antibody ELISA when using 
colostrum. In this study, BVD was used as a model to identify the performance characteristics of 
colostrum and to assess the potential for increased ELISA sensitivity when compared with serum. 
Blood and colostrum samples were collected from cows within two dairy cattle herds: a previously 
infected and BVD-vaccinated Holstein-Friesian (positive herd) herd, and a bulk-tank milk antibo-
dy negative (negative herd) Jersey herd. All samples were tested using a commercial BVDV anti-
body ELISA. Median sample-to-positive (S/P) colostrum ratios were significantly higher than their 
respective serum counterparts, and positive herd S/P ratios were significantly higher than the re-
spective negative herd values (P < 0.001). Using the manufacturer’s recommended serum dilution 
(1:5) and colostrum dilution (undiluted), and a cut-off threshold S/P ratio of 0.2, diagnostic sensitiv-
ity (DSe) and diagnostic specificity (DSp) for colostrum were 100% and 70%, respectively. These 
values increased to 100% DSe and 100% DSp with an increase in cut-off threshold S/P to 0.5. At a 
sample dilution of 1:100, the DSe of colostrum was 90% and significantly higher compared with 
serum (DSe 17%). Colostrum has the potential to improve identification of previously infected 
animals, either individually, or when using pooled samples. 
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The production of colostrum is a selective process. Maternal immunoglobulins (Igs) are transferred to the 
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mammary gland, from the dam’s bloodstream, prior to parturition and in the early post-partum period. The con-
centration of these Igs in cattle colostrum has been found to be five [1] to ten times [2] higher than serum. Colo-
strum, therefore, has the potential to raise the analytical (as well as diagnostic) sensitivity of serological assays 
for the detection of antibodies against specific diseases. 
Bovine viral diarrhoea virus (BVDV) is a pestivirus in the family Flaviviridae and is considered one of the 
most economically important infectious diseases of cattle worldwide [3] [4]. Infection with the virus may cause 
abortion and other clinical signs including fever and diarrhoea. Clinical severity is dependent upon the viral 
subtype, but acute infections are often accompanied by mild clinical signs. The virus is economically detrimen-
tal to both the beef and dairy industries due to an increase of 18% - 40% [5] in abortion rates and a 22% [6] de-
crease in conception rates in infected cattle. Acutely infected animals mount an immune response and remain 
antibody positive for an extended period. Antibody (Ab)-enzyme-linked immunosorbent assay (ELISA) is the 
test of choice for routine diagnosis of exposure to BVDV, as it is rapid, relatively inexpensive to perform and 
more suitable for large scale testing [7]. The ELISA has previously been used, not only for the testing of serum 
[8]-[10], but also milk [7] [11]-[13]. 
Although the testing of individual and bulk tank milk samples has been established, there is currently little 
research into whether colostrum will be superior to both serum and milk. A study by Jenvey et al. [14] demon-
strated a significant increase in diagnostic sensitivity when comparing colostrum with serum in Johne’s disease 
vaccinated sheep. It is possible that using colostrum can also improve the sensitivity of a commercial BVDV 
Ab-ELISA and therefore increase confidence in the absence of disease, or improve identification of exposure at 
the herd level when using pooled samples. The collection and testing of serum and colostrum samples from a 
BVD vaccinated dairy herd and a BVD bulk-milk negative dairy herd were a “proof-of-concept” study to deter-
mine the performance characteristics of a commercially available ELISA for BVDV antibodies when applied to 
colostrum, as compared with serum. 
2. Materials and Methods 
2.1. Animal Selection 
Positive herd. A Holstein-Friesian dairy herd was selected as the positive herd based upon a history of previous 
BVDV infection, as well as the vaccination of the herd with the BVD vaccine Pestigard® (Zoetis). The herd was 
vaccinated annually since 2009, and most recent vaccination was done in April 2012. Sample collection was 
performed in March to May 2012. The first 30 dairy cows to calve were sampled (excluding first calving hei-
fers). 
Negative herd. A Jersey dairy herd was selected as the negative herd based upon consistent low bulk tank 
milk antibody levels (i.e. herd was sampled 3 times per year for 6 years prior to sample collection and consis-
tently recorded S/P ratio results < 0.25). In addition, a bulk tank milk antibody S/P ratio of 0.0 was recorded 
several months after sample collection had concluded, indicating that the herd was not exposed to BVDV at the 
time of sampling. Sample collection was performed in August to October 2013. The first 20 dairy cows to calve 
were sampled (excluding first calving heifers). 
Owner informed consent and project approval was obtained from the University of Adelaide Animal Ethics 
Committee. 
2.2. Sample Collection and Testing 
Positive herd. The colostrum samples were collected within 12 hours of calving and the blood samples were 
collected from the coccygeal vein 30 - 60 days post calving. Blood samples were centrifuged for 10 minutes at 
1157 g to separate the serum. All samples were stored at −80˚C until testing was performed. The samples were 
then tested using a commercial BVDV Total Antibody ELISA (IDEXX). Individual samples were diluted (1:2, 
1:5, 1:10, 1:20, 1:40, 1:80 and 1:100) using the diluent supplied with the ELISA kit. All samples were tested in 
triplicate and results expressed as sample-to-positive (S/P) ratio. 
Negative herd. Colostrum samples were collected within 24 hours of calving and prior to the first milking and 
the blood samples were collected from the coccygeal vein between 30 - 60 days post calving. The samples were 
tested by Gribbles Veterinary (Palmerston North, NZ) using a commercial BVDV Total Antibody ELISA 
(IDEXX). Individual samples were tested as per the manufacturer’s instructions for milk (undiluted) and serum 
(1:5 diluted), and expressed as sample-to-positive (S/P) ratio. 
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2.3. Statistical Analysis 
Frequency histograms and Q-Q plots determined that the data was non-normally distributed. A Wilcoxon signed 
rank test was used to identify any significant differences (R version 3.0.2). A receiver operating characteristic 
(ROC) curve analysis was performed to determine DSe in relation to sample dilution for both serum and colo-
strum using the data from the positive herd. A two graph-receiver operating characteristic (TG-ROC) analysis 
was performed for both colostrum and serum, for a range of S/P cut-off thresholds. Diagnostic sensitivity (DSe, 
from the positive herd) and diagnostic specificity (DSp; from the negative herd) were defined and calculated as 
follows: 
Number infected vaccinated cows testing serum positiveDSe 100
Total number infected vaccinated cows
= ×  
Number of bulk tank milk negative cows testing serum negativeDSp 100
Total number bulk tank milk negative cows
= ×  
3. Results 
The median S/P ratio for colostrum collected from the positive herd was significantly higher when compared to 
the corresponding positive serum samples, at all dilutions (P < 0.001) (Table 1). The median S/P ratio for colo-
strum collected from the negative herd was significantly higher compared to negative serum (P < 0.001) (Table 
1). Comparison of samples at a 1:5 dilution showed the median S/P ratio for the positive herd colostrum was 
significantly higher compared to negative herd colostrum and positive herd serum (P < 0.001); negative herd 
colostrum was significantly higher compared to negative herd serum (P < 0.001); positive herd colostrum was 
significantly higher compared to negative herd colostrum (P < 0.001); positive herd colostrum was significantly 
higher compared to negative herd serum (P < 0.001); positive herd serum was significantly higher compared to 
negative herd colostrum (P < 0.001); and positive herd serum was significantly higher compared to negative 
herd serum (P < 0.001) (Table 1). 
The DSe of both serum and colostrum decreased with an increase in sample dilution. Serum DSe decreased 
more rapidly with an increase in dilution, reaching a DSe of just 17% at a sample dilution of 1:100 (Figure 1). 
The DSe of colostrum also decreased with an increase in sample dilution, but did not fall below 90% (at 1:100 
dilution) (Figure 1). Differences in DSe between serum and colostrum were statistically significant for dilutions 
1:20, 1:40, 1:80 and 1:100 (P < 0.05; Figure 1). 
Two-graph receiver operating characteristic (TG-ROC) analysis for the serum and colostrum samples is pre-
sented in Figure 2. The TG-ROC analysis indicates the specificity (using the negative herd data) and sensitivity 
(using the positive herd data) at various cut off S/P thresholds. Using the recommended serum dilution and 
cut-off S/P ratio of 0.2, both DSp and DSe for serum was 100% (Figure 2). Using undiluted colostrum and the 
same cut-off threshold, DSp and DSe was 70% and 100%, respectively (Figure 2). An increase in cut-off S/P to 
0.5 increased colostrum DSp to 100%, while DSe for colostrum remained at 100% (Figure 2). From a cut-off 
S/P ratio of 0.5 and upwards, colostrum showed an increasingly and significantly higher DSe compared to serum 
(P < 0.05), whilst maintaining high DSp comparable to that of serum (Figure 2). 
4. Discussion 
Diagnostic sensitivity is defined as the percentage of subjects with a disease that are identified by the assay as 
positive for the disease [15]. This study does not attempt to identify true positive and true negative animals, but 
rather, it attempts to determine whether colostrum can improve the diagnostic sensitivity of an ELISA relative to 
serum samples. In this study, the use of colostrum as a sample demonstrated a significantly higher signal (S/P 
ratios) and DSe compared to serum, in particular with increasing sample dilution. Using a sample dilution of 
1:100; the DSe of the ELISA when using colostrum samples compared to serum samples was 90% and 17%, 
respectively. The DSe of the ELISA when using colostrum did not fall below 90% for all the dilutions investi-
gated. Although the cattle in the current study were vaccinated against BVDV, this vaccination occurred fol-
lowing a previous outbreak of BVDV in the milking herd; therefore, the ELISA S/P results in this study are 
higher than what would be found in herds that had only been vaccinated (Lanyon, 2014, personal communica-
tion). When using pooled samples, colostrum would be able to detect a lower prevalence of BVDV exposure 
when compared to milk or serum. 








Figure 1. Diagnostic sensitivity (DSe) ± 95% confidence intervals, expressed as a percentage, 
for serum (purple) and colostrum (green) collected from the positive herd (BVD vaccinated), 
diluted 1:2, 1:5, 1:10, 1:20, 1:40, 1:80 and 1:100.                                      
 
 
Figure 2. Two-graph receiver operating characteristic analysis of serum and colostrum using 
a commercial ELISA for the detection of antibodies specific to BVDV. Diagnostic sensitivity 
(serum: light blue; colostrum: dark blue) was calculated using sample-to-positive (S/P) ratio 
results from the positive herd (BVD vaccinated) and diagnostic specificity (serum: light orange; 
colostrums: dark orange) was calculated using sample-to-positive (S/P) ratio results from the 
negative herd (bulk tank ilk negative).                                               
 
Using a positive cut-off of ≥0.5, the DSe and DSp of ELISA testing colostrum was 100%. Using the same 
commercial ELISA, a study by Weir et al. [13] recommended a decrease in the positive ELISA cut-off value 
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from ≥0.3 to ≥0.13 when testing for BVDV using milk. When using the new milk cut-off value, the study found 
a relative sensitivity and specificity of 100% and 94%, respectively [13]. A similar study by Lanyon et al. [16] 
found a relative sensitivity and specificity of 96.6% and 89.2%, respectively, which was lower than what was 
observed in the study by Weir et al. [13] but most likely due to the use of the unadjusted positive cut-off value 
of ≥0.3. Both the studies by Weir et al. [13] and Lanyon et al. [16] concluded that milk was an appropriate al-
ternative to the testing of serum using ELISA, as the agreement between the results for both sample types was 
high. In our study, however, colostrum has an even better performance than reported for milk or serum with re-
gards to the diagnostic sensitivity at higher dilutions due, most likely, to the higher concentrations of Igs in co-
lostrum. Although, in our study, we achieved similar performance characteristics for both serum and colostrum 
after the ELISA cut-off threshold had been adjusted, the DSe for colostrum continued to be significantly higher 
compared to serum when the samples were diluted. This would suggest that in BVD monitoring programs, par-
ticularly where eradication is under consideration, colostrum samples could provide an improved diagnostic util-
ity compared to serum or milk samples when using the antibody ELISA on larger pools of samples. 
Recently, the testing of colostrum using ELISA was investigated by Zervens et al. [17] to assess the occur-
rence of non-specific reactions when testing colostrum for Mycobacterium avium subspecies paratuberculosis 
(MAP)-specific antibodies. Zervens et al. [17] found only 4% non-specific reactions when testing colostrum 
collected at 0 DIM (days-in-milk). The study concluded that since few non-specific reactions occur in the ELISA 
using colostrum samples, colostrum would be a useful diagnostic sample for the detection of MAP-specific IgG. 
5. Conclusion 
In conclusion, the increase in diagnostic sensitivity that may be able to be achieved when testing colostrum pro-
vides an opportunity to improve the identification of infected animals, either individually, or by using pooled sam-
ples. This observation of improved test performance using colostrum compared with serum or milk with regards 
to diagnostic sensitivity may also find application in the diagnosis of other important (dairy) cattle diseases, such 
as Mycobacterium bovis (Bovine Tuberculosis), Neospora caninum, Leptospirosis and Johne’s disease. 
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